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Objectives: to establish the feasibility of using magnetic resonance imaging (MRI) with dynamic contrast-enhanced
(DCE) MRA as the sole imaging modality in the assessment of patients prior to endovascular repair of abdominal aortic
aneurysms (AAAs).
Design: DCE MRA with MRI and helical computed tomography (CT) examinations were performed in patients being
assessed for suitability for an endovascular approach to repair of their AAA. Management outcomes determined by the
two techniques were compared.
Materials: sixteen patients with AAA.
Methods: all subjects underwent DCE MRA/MRI and helical CTA. Criteria for suitability for endovascular repair were
established. The management outcomes determined by the MRI findings were compared with those obtained by CTA.
Results: high-quality MRA/MRI and CT images were obtained in 16 patients. Six patients were considered suitable for
an endovascular approach, one was considered borderline and nine were judged unsuitable. In all cases, the overall
management determined by the two methods concurred.
Conclusions: comparison of the two imaging modalities resulted in agreement as to suitability for an endovascular
approach. We therefore conclude that in our group the use of MRI and DCE-MRA proved effective as a sole imaging
modality for the assessment of these patients.
Key Words: Magnetic resonance imaging; Dynamic contrast-enhanced MRA; Abdominal aortic aneurysm; Endovascular
stent graft.
Introduction The endvascular prosthesis used during this study
comprises a Dacron graft supported by expandable
Abdominal aortic aneurysms (AAAs) represent a sig- metallic stents.4 This is introduced using a fairly rigid
nificant cause of morbidity and mortality affecting a delivery system via a femoral arteriotomy and is po-
predominantly elderly age group in whom there is a sitioned within the infrarenal aorta proximal to the
high incidence of coexisting cardiovascular and reno- aneurysm. Marked iliac vessel tortuosity or in-
vascular disease.1 Open operative repair, and in par- flexibility due to calcification may impede the passage
ticular the necessity for aortic cross-clamping, leads to of the delivery system. The proximal stent is modified
splanchnic hypoperfusion and haemodynamic dys- incorporating small hooks which grip the aortic wall
function,2 accounting for the high procedural mortality and maintain the position of the graft. The presence
and postoperative morbidity. The application of min- of mural disease within the infrarenal aortic neck may
imally invasive endovascular techniques to the repair prevent these hooks gaining adequate purchase and
of these aneurysms represents an important potential lead to graft slippage.
improvement in safety for patients.3 Preoperative im- The most critical factor in determining suitability
aging is critical in order to allow assessment of patient for endovascular repair depends on the anatomy and
suitability and to enable fashioning of the graft. morphology of the infrarenal aortic neck. This portion
of the aorta must be disease-free and ideally greater
* Please address all correspondence to: C. N. Ludman, Division of than 1.5 cm in length with a diameter less than 3.0 cm.Academic Radiology, University Hospital, Nottingham NG7 2UH,
U.K. A non-tortuous neck with parallel sides is the ideal
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configuration, while a conical neck is considered to be MRI scans were acquired using a 1.5 T Vision im-
aging system (Siemens, Ehrlangen, Germany) and aan adverse feature. In suitable subjects the grafts are
fashioned to account for the individual aortoiliac di- body phased-array coil. Localising scans were fol-
lowed by coronal 3DFT-FISP breath-hold sequencesmensions and the endovascular procedure is planned
taking into account the presence of adverse features. (TR 5 ms, TE 2 ms, FA 40°, effective slice thickness
2.5–3.6 mm, field of view (FOV) 400, matrix 256, bandCurrent helical computed tomographic angiography
(CTA) techniques are an effective preoperative imaging width (BW) 488, acquisition time 24–30 s, 1 acquisition,
6 measures) during dynamic intravenous ad-tool in the majority of cases.5 The major disadvantage
of CTA is the requirement for large volumes of hyper- ministration of 0.2 mmol/kg gadolinium-DTPA con-
trast (MagnevistÒ, Schering AG, Berlin, Germany). Theosmolar iodinated contrast material carrying a sig-
nificant risk of cardiovascular and renal failure, first of the six sequential measurements was timed to
occur prior to contrast arrival, permitting subsequentparticularly in this compromised patient group with
a high incidence of coexistent cardiovascular and reno- background subtraction. The later images enabled de-
tection of the delayed enhancement typically seenvascular disease. Magnetic resonance angiographic
(MRA) techniques including contrast-enhanced MRA within the aneurysm wall. Following this, we acquired
sequences to determine the optimum parameters forare essentially free from these hazards. Previous MRA
techniques were limited in their ability to provide morphological evaluation of the wall of the aorta and
aneurysm sac. These included coronal and axial cardiacdetailed imaging of the aorta with reasonable ac-
quisition times. The recent development of breath-held gated T1-weighted spin echo (SE) sequences (typical
parameters: TR 550–810 ms, TE 30 ms, slice thicknessdynamic contrast-enhanced (DCE) MRA6,7 addresses
these limitations, enabling the extremely rapid ac- 5 mm, FOV 400, BW 130, three acquisitions, anterior
saturation band for axial acquisitions), an axial cardiacquisition of high-quality angiographic images in any
desired imaging plane. DCE MRA must be combined gated proton density (PD) turbo-spin echo (TSE)
sequence (TR 4000 ms, TE 54 ms, slice thickness 5 mm,with additional MRI sequences in order to assess the
external wall of the aneurysm and to identify mural FOV 400, BW 78, three acquisitions, anterior saturation
band), and dual echo, T2- and PD-weighted TSE echothrombus.
In order to establish the feasibility of using MRI as axial scans through the infrarenal aorta (TR 4100 ms,
TE 22/90 ms, ETL 5, slice thickness 5 mm, FOV 400,the single preoperative imaging modality, we com-
pared the management outcomes consequent on the BW 130, two acquisitions, anterior saturation band).
A sagittal DCE MRA was also acquired to increase in-MRI findings with those obtained by helical CTA.
plane resolution for the evaluation of lumbar vessels.
DCE MRA acquisitions were evaluated using the
Materials and Methods source imaging data as well as multiplanar re-
construction (MPR) and MIP images. CTA and MR
Local ethical committee approval was obtained for the images were evaluated independently by different
study. We approached 17 patients (14 male, 3 female), observers experienced in the relevant modality (CTA:
mean ages 73.7 years (range 52.5–95.3 years), who SCW/RHSG, MRI/A: CNL). Images were assessed
were undergoing CTA for the preoperative evaluation to determine the length, diameter and shape of the
of their abdominal aortic aneurysms and received infrarenal neck and to exclude mural disease. Ad-
written informed consent for the additional MRI scan- ditional measurements were made of the internal and
ning. external diameters of the aneurysm, the distance from
Helical CT scanning was performed using a So- the inferior renal artery to iliac bifurcation and the
matom Plus scanner (Siemens, Erlangen, Germany). length and diameters of the common and external iliac
Using a collimation of 5 mm, a pitch of 2, a table speed arteries (Fig. 1).
of 10 mm/s and a scan rotation of 1 per second, we The critical imaging criteria of suitability for an
scanned 22 cm in a single breath-hold during ad- endovascular approach were determined to be:
ministration of 100 ml iopamidol contrast. The data
(1) An infrarenal neck diameter of less than 3.0 cmwere post-processed into 2-mm axial slices, and re-
wide.formatted images were created in planes appropriate
(2) A minimum distance of 1.5 cm between the renalto the course of the aortoiliac vessels. Segmentation
arteries and the proximal extent of the aneurysm.techniques were applied at a user-defined threshold
(3) An absence of significant mural thrombus withinto remove background structures such as overlying
the aneurysm neck.bone, enabling the generation of maximum-intensity
projection (MIP) angiographic images. In addition, relative factors to be considered included
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Fig. 2. Breath-held MR angiographic images acquired during
dynamic administration of intravenous gadolinium-DTPA contrast.
The vascular lumen of a small abdominal aortic aneurysm (ab),
and the aortoiliac and renal vasculature are clearly delineated.
Results
Of the 17 patients recruited into the study, one
withdrew due to claustrophobia. High-quality MR
Fig. 1. Diagrammatic representation of the aortoiliac vasculature,
angiographic images were obtained in all of theto illustrate the measurements necessary prior to planning an endo-
vascular repair. remaining 16 subjects (Fig. 2).
Based on the precepts that the infrarenal neck must
be less than 3.0 cm wide with a minimum of 1.5 cm
between the renal arteries and the proximal extent of
the shape of the aneurysm neck, which should ideally the aneurysm and with no evidence of significant
not be tortuous, with parallel rather than conical sides. mural thrombus, six patients were deemed suitable
The iliac vessels should preferably also not be unduly for an endovascular repair by both CT and MR. In a
tortuous and not show evidence of marked mural seventh patient (TL), the measurements were bor-
calcification. derline, and additional features such as the shape of
Based on the critical imaging criteria detailed above, the infrarenal aortic neck and clinical state of the
suitability for endovascular repair and appropriate patient determined that EVR was justified. The re-
sizing of the graft was determined separately from the maining nine subjects were judged to be unsuitable.
CTA and MRA-imaging data, and the management The CTA- and MR-imaging criteria excluded three
outcomes consequent on these judgements were com- subjects based on neck morphology, two due to mural
thrombus, and four due to a combination of thesepared.
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Table 1. Comparison of individual patient suitability for endovascular repair based on CTA- and MRA-imaging criteria.
Patient CTA-imaging criteria MRA-imaging criteria
Suitable Critical determining factor Suitable Critical determining factor
for EVR for EVR
HA No Mural thrombus No Mural thrombus
Male, 77 yr
HB Yes Yes
Male, 72 yr
PB No Insufficient neck length No Insufficient neck length
Female, 74 yr Mural thrombus Mural thrombus
WC Yes Yes
Male, 77 yr
EE No Short conical neck No Short conical neck
Male, 80 yr Mural thrombus Mural thrombus
DE Yes Yes
Male, 73 yr
WG No Wide conical neck No Conical neck
Male, 73 yr Borderline neck length Borderline neck length
DH No Marked mural No Conical neck
Female, 69 yr thrombus Mural thrombus
RH No Mural thrombus No Mural thrombus
Male, 52 yr
HH No Short conical neck No Short conical neck
Male, 77 yr
DL Yes Yes
Male, 68 yr
TL Borderline Conical neck, borderline Borderline Conical neck approx. 1.5 cm
Male, 70 yr length and width. long, 3 cm wide
No mural thrombus No mural thrombus
SL No Mural thrombus No Mural thrombus
Male, 73 yr
RR Yes Yes
Male, 69 yr
FS No Wide neck No Short conical wide neck
Male, 95 yr
TW Yes Yes
Male, 71 yr
factors (Table 1). In actual clinical practice, imaging imaging parameters. Two subjects were subsequently
excluded from a comparison of axial images due tofeatures are judged in conjunction with the relative
criteria discussed in the methods section, and con- technical problems occurring prior to acquisition of
the axial scans. In the remaining eleven patients, thesiderations specific to each individual patient. This
resulted in one subject (HH) undergoing EVR despite axial cardiac gated T1- and PD-weighted images were
obtained, with the additional dual echo TSE T2-/PD-the presence of a short conical neck. Following the
procedure he suffered a small endoleak around the weighted acquisition in ten of these subjects. The T1-
and PD-weighted cardiac gated images proved thetop of the graft, but this resolved within the first week.
In a further subject (RR), EVR was not undertaken most consistent diagnostic images through the aortic
wall. In all six cases in which mural disease wasdespite favourable imaging features and a pre-
dominantly inflammatory component, due to the rel- identified using CTA, the presence of disease was
confirmed by a combination of T1- and PD-weightedatively small size of the aneurysm.
Figures 3(a) and (b) demonstrate axial MR images MR images, precluding EVR.
Delayed DCE-MRA images typically demonstratedobtained through the infrarenal aortic wall in order to
detect the presence or absence of mural disease. The enhancement in the aneurysm wall. The proximal
extent of the aneurysm was effectively visualised usinginitial three subjects were used to determine optimum
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bright blood and black blood, gradient echo and spin
echo MRA techniques depend on flow effects to create
contrast between vessels and background tissue. The
complex and frequently slow flow patterns typically
seen within AAA result in signal loss and may lead
to difficulties distinguishing between slow flow and
thrombus. To prevent saturation effects, images must
be acquired in a plane perpendicular to the vessels,
resulting in long imaging times with consequent image
degradation due to respiratory artefacts and patient
motion.
DCE MRA techniques rely on the direct T1 short-
ening effects of peripherally administered intravenous
gadolinium-DTPA and are essentially flow-in-
dependent.6 Imaging can be performed in any plane
allowing rapid acquisitions covering a large field of
view during a single breath-hold. The 3DFT acquisition
(a) provides intrinsically high spatial resolution and sig-
nal-to-noise ratios and enables the use of multi-planar
reprocessing algorithms, which are critical in the evalu-
ation of the complex three-dimensional features of the
aortoiliac vessels.
Adequate visualisation of the extent of the external
wall of the aneurysm and detection of supra-an-
eurysmal mural thrombus is needed to determine the
suitability of a patient for an endovascular approach
and to individually fashion the prosthesis. This ne-
cessitates high-resolution imaging with a minimum of
motion artefact. Tissue constituents of the normal ves-
sel wall include lipids and smooth muscle, while ath-
erosclerotic plaques may be composed of a variety of
different components, including fibrous tissue, cal-
cification, lipids, haemorrhage and haemosiderin.12 We
(b) found cardiac gated T1- and PD-weighted spin-echo
Fig. 3. (a) Axial, T1-weighted, cardiac gated, spin-echo image, and imaging to provide the most consistent contrast be-
(b) axial CTA image at the same level. The images are comparable tween the components of the vessel wall and its lumen,
in their demonstration of mural pathology within the aortic wall
while T2-weighted images were the least able to pro-(ab), precluding an endovascular repair in this patient.
vide consistent contrast definition. Using these tech-
niques, mural thrombus was detected by CT and MRI
these source images, complemented by the coronal in six subjects, precluding EVR.
T1-weighted cardiac acquisitions. MRA- and CTA-imaging volumes are both amenable
to multi-planar post-processing by reformatting of the
source data and by sub-volume MIP images. MIP
images derived from CTA data require the prior ap-Discussion
plication of segmentation techniques in order to re-
move background structures such as bone. TheThe MRI and CTA techniques employed in our study
technique is time-consuming and, in subjects with aproduced high quality images, combining the ad-
reduced cardiac output, the contrast between vesselvantages of soft tissue cross-sectional imaging, with
and background may be insufficient to allow effectiveangiographic detail. The management outcomes as
segmentation. Futhermore, calcification within thedetermined by the CT and MRI findings concurred in
wall of the aortoiliac vessels may significantly obscureall subjects.
vascular anatomy on CTA-MIP images. In contrast,Previously the use of MRI in the assessment of these
patients has been limited.8–11 Non-contrast-enhanced the lack of MRI signal from calcification or bone
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(a) (b)
Fig. 4. (a and b) Sequential DCE-MRA acquisitions at 30-second intervals. Slow flow within the aneurysm delays the transit of contrast
into the iliac vessels. The ability to perform rapid sequential images permits depiction of the distal vasculature on the later images (b).
coupled with the intrinsic background supression re- obtained during CTA and intra-arterial X-ray angio-
graphy may fail to opacify these more distal vessels.sulting from the extremely short repetition times (TR)
used in DCE MRA facilitates the generation of high- The very rapid imaging times achievable with DCE
MRA enable the acquisition of multiple sequentialquality angiographic images without the need for
segmentation. Background can be further suppressed measures during a single study, allowing the proximal
and distal arterial anatomy to be displayed on con-by subtraction of the initial unenhanced images from
those acquired during the phase of peak arterial en- secutive acquisitions (Figs 4a and b). The delayed
images further enable the detection of late en-hancement.
Accurate measurements of aortoiliac dimensions are hancement within the aneurysm wall and delineation
of venous anatomy.critical to enable the grafts to be fashioned on an in-
dividual basis. It is, therefore, extremely important that, The presence of marked iliac vessel calcification is
regarded as an adverse feature, since it may impedewhere possible, measurements are made using the
source images rather than maximum-intensity pro- the passage of the delivery system. While the inability
of MRI to detect calcification is, therefore, a dis-jections. This is particularly pertinent with regard to
measurements of the diameter of the aneurysm neck advantage, the use of plain radiographs of the pelvis
will detect significant calcification in the majority ofand, in addition to the DCE MRA coronal source images,
measurements from the axially acquired T1- and PD- cases. Indeed, vascular detail may be obscured on CT
images in the presence of calcification due to beam-weighted images provides useful corroboration.
Slow flow patterns typically seen within aneurysms hardening artefacts (Fig. 5).
In our institution, the renal arteries cannot be reliablymay result in a significant delay in contrast arriving
in the iliac vessels. In these cases, the single acquisitions evaluated using the CTA principally as a result of the
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effects of minimising motion and dephasing artefacts,
while maintaining adequate tissue contrast.
Conclusion
We have demonstrated the feasibility of using MRI/
DCE MRA as the sole imaging modality in the pre-
operative assessment of patients prior to endovascular
repair of abdominal aortic aneurysms. Management
decisions as to suitability for EVR and graft selection
based on CTA and MRA criteria concurred in all
subjects. While both techniques are effective in pro-
viding the requisite imaging information prior to EVR,
they are each associated with advantages and weak-
nesses. The use of hyperosmolar iodinated contrast
media and ionising radiation in CTA, however, results
in MRI remaining the less hazardous option.
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